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Satellite Algorithms:@

Box Models
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One Dimensional (Vertical) Models
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Three Dimensional Models
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Growth Rate [day—1]

Eppley, 1972 =/

Vo =log(2)0.851(1.066") [d”]
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Growth Rate [day—1]

Eppley, 1972 m—

Vo =log(2)0.851(1.066" ) [d]
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Moisan et al., 2002
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“Everything is everywhere, but the environment selects™*”.
Moisan et al., 2002
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Linking parameters to traits for diversity and acclimation

Model with 100 phytoplankton groups Gaussian Trait-based model (2-3 equations)
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NASA Evolutionary Programming Analytic Center (NEPAC)

NEPAC USerR COMMUNITY
m Establish outreach effort
m Define system and data
requirements

m Define performance
metrics

m Feedback

m Early adopters

m Prototype testing

ReD =»: OPERATION COMMANDS
BLACK = : DATA PATHWAY
RED =»: RESULTS PATHWAY

Data: Satellite and in situ
m Community-defined data
requirements
m OBPG OB-DAAC!
e SeaBASS2and NOMAD?
e Rrs* and ancillary obs.
e APl linkage to NEPAC
m Non-NASA Archives
e |dentify other data sources
e Investigate accessibility
m Error and variance analysis
m Develop Quality Assurance/
Quality Control (QA/QC)

RESULTS

Computational Tools
m GPCODE
m Performance Metrics
m Maximum Probability Regression
m Error and uncertainty anal.
m Algorithm to code conversions
m Visualization products: Tree
diagrams, algorithm population
SSE time-histograms, etc.
m Reformat trees to C++, Python
or Fortran code on output
m Use algorithms with Rrs for
analysis or further use of Chl-a
satellite products
m Integration with NASA ACFs
m OBPG synergism (SeaDAS?) GP COMPUTATIONS
m User defined
m NASA HEC for
developing/testing

pre-/ post-process

Optional
DATA FLOW DATA FLOW Shelic bk BT

m Outreach to ACFs

10OB-DAAC: Ocean Biology Distributed Active Archive Center

2SeaBASS: SeaWiFS Bio-optical Archive and Storage System

SNOMAD: NASA bio-Optical Marine Algorithm Data 4Rrs: Remote Sensing Reflectance
5SeaDAS: SeaWiFS Data Analysis System SEDAS: Earth Data Analytics System




log!® (in situ chlorophyll a [mg m™3])
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OC-4 chlorophyll a algorithm

V=log'% MAXI[ Rrs(A443), Rrs(Asgg), Rrs(Asy0) 1/ Rrs(Asss) )

log%(Chla)=(a,+ a,V + a,V? + a;V3 + a,V4)
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SeaWiF'S 0C4 Chl a [mg chla m—3]

0.00 [mg chla m—3] 63.62
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* How to create a program that can manipulate
ANY equation, including ones with

observations, free parameters, and functions
or operators such as “+”, “-”, “*” “/” and even

4 4

items such as Booleans “IF/THEN”, etc?



Binary Tree Architecture

Example of randomly generated initial tree structures

t




Use of Fortran-90 ‘Defined Type’

Operator'
[+,-,*,/,Boolean,etc]
Input nodes can vary.

Input Nodes:
[Variable, parameter,
New defined type]

Calculation starts from top of tree
Performance improved by orders of magnitude!



o N
Growth=V, K +N|T +1

LISP prefix representation:

(Vi C N+ (KyN) (T (+ (1))

Calculation of Tree
value moves from
the bottom up.




OC-4 chlorophyll a algorithm

V=log!%( MAX[ Rrs(A,;3), Rrs(A,q,), Rrs(As10) 1/ Rrs(Azgs) )
log!%(Chla) = (a, + a,V + a,V? + a;V3 + a,V4)

OC-4 Algorithm Tree=» 10 levels
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Genetic Programming Overview

1) Generate initial random population of equations/models

2) Calculate fitness of all individual equations/model
— Strip out all model/equations parameters
— Carry out Genetic Algorithm Optimization
— Finish off with localized LMDIF Optimization
3) Randomly select, based on fitness, for:
— Asexual reproduction
— Sexual reproduction (i.e. Tournament Selection)
— Mutations

4) Calculate fitness of new individuals (same as 2 above)
5) Test for completion criteria (low SSE value met?)
6) No:go to 3; Yes: end program




Parent #1 Parent #2

Cross
methodology Randomly
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Nodes or
Before Cross Terminals |

Child #1 Related

Subtrees are
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Simple Lotka-Volterra IVIodeI
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Normalized SSE []
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GPCODE Chla algorithms using IOCCG data for training

Case 12: GP_Tree_AII_SSE

n_GP_Generations=304
n_GP_Individuals=1000

MAPE metric

No Bootstrapping (BS)

# of parameters in best tree: 9

Best SSE Tree (gen. =238, ind. = 1)

Best MAPE Tree (gen. = 206, ind. = 614)
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OC-4 Algorithm
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SeaWiF'S 0C4 Chl a [mg chla m—3]

0.00 [mg chla m—3] 63.62
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SeaWiFS GPCODE Chl a [mg chla m—3

0.00 [mg chla m-3] 74.99
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NEPAC Status

Front-End at beta-test stage

Working to link algorithm codes to ocean color processing software

GPCODE has been modified:

— Bootstrapping
— Optimizing tree diversity through entropy.
— Maximum Probability Regression.

Started testing multiple satellite data sets

Two summer interns =2 Prim. Prod. Archive.

Growing interest to compare blended satellite products with observations.
Obtaining training data sets for hyperspectral algorithms (2021 IRAD)
Seeking funding for phytoplankton pigment and functional type alg.



Ocean Color Hyperspectral Inverse Modeling Results

Detecting trends in phytoplankton diversity and biomassdef  Global trend in diatoms [Theil-Sen slope % decade™!]?
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FIGURE 12 | The trend line slopes of (A) seatellite chlorophyll a [mg chla m—3 year*1] and (B) shannon Diversity Index [H; year*1] at each point over a 15-year period
(2002-2016) in the study region. Regions where the slopes were insignificant are shown in black.
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Computationally
challenging

Requires in situ and
satellite obs.

Simple application.
Uncertainty estimates
can improve algorithms.

Climate-
Scale Runs

GP Project Directions

Ocean
Color
Products
pigments

Global-
Scale Runs

Genetic
Programming

Effort

Ecosystem

Trait
Integration

Ongoing efforts at specific locations

Ecosystem
Model
Development

Gathering in situ and
satellite observations
Simple application

Primary

Production
Algorithm

Very abstract. Can make use of
genomic obs. Merges two lines of
ecosystem modeling. Aligns itself to
broader questions regarding existence
of “life” in terms of ecosystemes.




